Abstract-One of the main problems that affect the quality of machine translation is how to express the knowledge of language in precision. Based on the theory of Semantic Element (SE) and Semantic Element Representations (SER) in Unified Linguistics, the classification of English structures with preposition "on" is proposed from the perspective of C-E and E-C translation. These English structures and their Chinese translations are further formalized into English and Chinese SER respectively.
I. INTRODUCTION
The history of machine translation is more than a half century long, but its quality is still poor and the machine translation systems still haven't reached the practical phase. The key lies in linguistics, that is, the knowledge of language cannot be expressed in precision, although many famous linguists have made many important achievements from different angles of study.
Prepositions are a class of active and commonly-used words in Chinese, which are seldom used alone, but with verbs, nouns and adjectives. Therefore we should set the study of prepositions into a dynamic context and analyze the relationships between prepositions and their collocated elements. Scholars at home or broad have studied on prepositions from various angles. In linguistics, prepositions have been studied in the aspects of syntax, pragmatics, cognition and second language teaching (Zhang, 2002; Yong, 2007; Cai, 1999) . In MT field, prepositions have been studied in the aspects of PPA (prepositional phrase attachment) and WSD (word sense disambiguation) (Zhao, 2001; Feng, 2004; Guan, 2009) .
In order to improve the quality of machine translation, we need to represent natural languages precisely. This paper offers an account of one problem of the precision of natural language: the formalization of English structures with preposition "on" and their Chinese translations. In section 2, we discuss the classification of English structures with preposition "on". Section 3 presents the formalization of English structures with preposition "on" and their Chinese translations based on the theory of SE and SER.
II. THE CLASSIFICATION OF ENGLISH STRUCTURES WITH PREPOSITION "ON"
"COBUILD English-Chinese Dictionary" , "Collins COBUILD Grammar Patterns 1: Verbs" and "Collins COBUILD Grammar Patterns 2: Nouns and Adjectives" give a comprehensive account of the verb, noun and adjective patterns of English, using COBUILD (The Bank of English) which now stands at 350 million words of current written and spoken English. Through the reliability and objectivity of the computer evidence, words can be subdivided according to patterns, and patterns can be seen to correlate with meaning.
In this paper, "N" denotes noun, "A" denotes adjective, "V" denotes verb, "P poss " denotes possessive pronoun, "V ing " denotes verb with progressive tense, "W h-clause " denotes clause with relative adverb, "|" represents the relation "or", "[ ]" represents the words in it can appear in this structure.
B. The Structure "N on N"
There are 21 types of the structure "N on N" by the semantic meaning of collocated "N" before "on" in . We can represent the structures by only one expression "[P poss |the |a |an] N on N |V ing |W h-clause " (e.g.: I would welcome any comments on the book. His views on maintaining the family as the bedrock of stability were widely applauded.
The decision on what to do with the economy has now been put off until Monday. ).
C. The Structure "N be A on N"
There are 13 types of the structure "N be A on N" by the semantic meaning of collocated "A" before "on" in . We can represent the structures by only one expression "N be A on N |V ing " (e.g.: Tea-tree oil is gentle on the skin. He's always very intent on doing what he wants.)
D. The Structure "N V on N"
There are 3 types of the structure "N V on N" according to . We can further divide them into the following types: a) set phrase (e.g.: The dog insisted on coming with me into the room.) b) "N V on N |V ing |W h-clause " (e.g.: I knocked on the door. Mr Waldegrave said British diplomats were working on solving these problems. Much will hinge on how well the Free Democrats do tonight.).
E. The Structure "N V N on N"
There are 2 types of the structure "N V N on N" according to . We can represent the structures by only one expression "N V N on N |V ing |W h-clause " (e.g.: We will put pressure on the authorities. The prime minister complimented him on leading what she described as the only Conservative government in Eastern Europe. The debate is centered on whether the country's president should be elected directly by the people or by parliament.)
III. THE FORMALIZATION OF ENGLISH STRUCTURES WITH "ON" AND THEIR CHINESE TRANSLATIONS

A. The Theory of SE and SER
In 1980's, Institution of Computing Technology (ICT) of the Chinese Academy of Science (CAS) proposed a new concept (Gao, 1989) , i.e., semantic element representation (SER) with variables and without variables. The concept of Semantic Element and Semantic Language was discussed in detail in the paper of Gao (2003; 2009 ). According to Unified Linguistics (Gao, 2009 ) , different language can be translated into each other and people speaking different language can communicate with each other because there are words, phrases and sentences with the same meaning. Natural languages need to be described in a unified way from the perspective of semantics. Semantic of a sentence is called SS. An element to express a semantic meaning in an SS is called Semantic Element (SE). Semantic language (SL) consists of all SEs, including all SSs. The representation of an SE in a natural language-I, such as English, Chinese…, is called the Representation of Semantic Element in Language-I (SERi). Semantic of SER is SE. Any natural language can be regarded as a representation of semantic language. The translation between two languages (I, J) is regarded as a transformation between two representations.
For example, the Chinese sentence is "李先生是教授 Li xiansheng shi jiaoshou (Mr. Li is a professor.)". The four SEs in this sentence are 李(Li)， 先生(X surname ) (Mr. (X))， 教授 (professor)，是 title (X people ,Y title ) (Is title (X people ,Y title )). "X" and "Y" are two parameters. SE is an abstract concept and form. Actually, the above mentioned examples of SEs are only some remembrance forms to represent SE by using Chinese characters or English words. We can use "1" to substitute the SE "Li", or use "4(X people ,Y title )" or "4(N people ,N title )" to substitute "是 title (X people ,Y title )". The subscript denotes the semantic category of the word. An SER can reflect the semantics and syntax relations of the word in a phrase or a sentence.
The parameter is formed by two parts, in which one part is a symbol like "N, A, V, S" to represent noun, adjective, verb and sentence respectively, the other part is the subscript denoting the semantic category of the word. For example, "N person " denotes nouns with the semantic category of person. Words with the same semantic category can be substituted by each other in an SER. Not only words but also phrases, clauses and sentences can be formalized into parameters.
The SE and SER theory has been applied into the formalization of Chinese classifier-noun phrases, English prepositional phrases and sentences (Guan, 2009 ). This theory has also been widely applied into other fields, such as machine translation, handwritten character recognition, Internet information monitoring and post-processing technique for speech and character recognition (Li, 2006; Gao, 2004; Gao, 2005) .
B. The Formalization of English Structures with Preposition "on" and Their Chinese Translations
English structures with preposition "on" and their Chinese translations are formalized based on the theory of SE and SER. SERc denotes Chinese SER; SERe denotes English SER. In the phrase and sentence structure with "on", the meaning of the noun is defined as Thing Semantic, which is the Semantic meaning expressed by nouns representing things. The collocated nouns, especially in the phrase "on N" and "N on n", are described as "N x ", and "A" in the structure "N be A on N" are described as "A x ", which mainly determine the meaning of "on". Here, "x" denotes the semantic type of the noun or adjective or verb. Nouns or adjectives with the same semantic type can be substituted by The preposition "on" should be extracted as the fix structure in the SERe, and the corresponding Chinese translation part will also be extracted as the fix structure in the SERc. The other words in the phrase or sentence should be extracted as the parameters in both SERe and SERc.
C. The Formalization of the Structure "on N"
For the structure "on N", we should extract the semantic meaning of "N" and its Chinese translation as the parameters in both SERe and SERc. The semantic types of the parameter are determined according to the patterns classified in the book of Sinclair J. (2002). 
D. The Formalization of the Structure "N on N"
In the structure "N on N", the "N" before "on" can mainly determine the meaning of the preposition "on". So we should extract the semantic meaning of this "N" and its Chinese translation as the parameters in both SERe and SERc, and the semantic types of the parameter are determined according to the patterns classified in the book of Sinclair 
E. The Formalization of the Structure "N be A on N"
In the structure "N be A on N", the "A" before "on" can mainly determine the meaning of the preposition "on". We should extract "be" and "on" as the fix structure in the SERe, and the corresponding Chinese translation part will also be extracted as the fix structure in the SERc; the semantic types of "A" are determined according to the patterns classified in the book of . The government was inflexible on the need for industrial reform.
Nperson be Aquality on N Nperson 在 N 方面[很]Aquality
Malcolm may have been weak on theory, but with his dress, his behavior, and even his art, he laid claim to being the big revolutionary on campus.
F. The Formalization of the Structure "N V on N"
For the structure "N V on N", both "V" (verb) and "on" should be extracted as the fix parts in SERe based on the theory of SE and SER, i.e. the verb should be represented by the real word in SERe. But in order to clarify the semantic types of the verbs in such a structure, we mark the verb by "V x ". Other parts in this structure and the corresponding Chinese translation should be extracted as parameters in the SERe and SERc. The semantic types of "V" are determined according to the patterns classified in the book of Sinclair J. They may not look for work once they are accustomed to living on benefit. Switzerland has thrived on being different from its neighbours.
Nperson Vuse on Nthing Nperson 在 Nthing 方面 Vuse I think I was too naive at the time. I didn't capitalize on opportunities.
Nperson Vthink on N |Wh-clause Nperson Vthink N |Wh-clause The student must carefully meditate on the symbols and concepts that relate to the element of Earth.
N1 Vfocus on N2 N1 Vfocus 在 N2 上 Chomsky tends to focus on well-studied languages like English rather than languages from far afield. 
IV. CONCLUSION
This paper focuses on solving one of key problems of describing language phenomenon precisely in MT-the formalization of English structures with preposition "on" and their Chinese translations. A classification The English structures with preposition "on" are classified and formalized together with their Chinese translations based on the theory of SE and SER. The study in the paper will beneficial to the process of word disambiguation and selection in MT. More efforts should be made to put this method into practice and to improve the quality of lexical translation in machine translation.
